INTRODUCTION
Extending the magnetic polarity sequence to the early Mesozoic and Palaeozoic requires palaeomagnetic sampling of strata now exposed on the continents. The magnetic polarity record derived from stratigraphic sequences can, in principle, provide as good a resolution as the late Mesozoic and Cenozoic sea-floor record (e.g. Lowrie et al. 1982) . Thus far, acquisition of polarity data for Triassic and older rocks has been hampered for several reasons, including the lack of attention to numerous stratigraphic sequences, absence of primary magnetizations, and inadequate bio-or chronostratigraphic control. The importance of extending the magnetic polarity time scale to the early Mesozoic and late Palaeozoic cannot be overstated. Magnetostratigraphy is an invaluable tool for global and regional correlation of strata as well as geological events of global significance, such as mass extinctions. Furthermore, studies of long-term changes in the frequency of polarity reversals provide important information for the dynamo theories and the time-scales associated with core-mantle interactions.
Recent efforts to extend the magnetic polarity time-scale into the Permian and Triassic have focused on palaeontologically well-characterized rocks (dated by ammonoids and/or conodonts), and links to the Triassic time-scale are relatively straightforward. Tethyan pelagic marine sections (Muttoni & Kent 1994; Gallet et al. 1992 Gallet et al. , 1993 Gallet et al. , 1994 have provided a detailed magnetostratigraphy for parts of the Middle and Late Triassic. Similarly, magnetostratigraphic data are available for rocks in the Canadian Arctic Archipelago proposed as stratotypes defining the Early Triassic stages (Ogg & Steiner 1991) , and high-resolution data have been published for proposed Permo-Triassic boundary sections in Sichuan Province in southern China and the Nammal Gorge in Pakistan (Steiner et al. 1989; Heller et al. 1988; Haag & Heller 1991) .
Magnetostratigraphic data have been available for nonmarine Permian and Triassic rocks for some time (Picard 1964; McMahon & Strangway 1968; Helsley 1969; Helsley & Steiner 1974; Reeve & Helsley 1972) . Usually, temporal resolution of non-marine sequences is low, and correlation with the geological time-scale is difficult. The reliability of magnetostratigraphic records from redbeds has also been controversial (Larson et al. 1982) . Recent magnetic polarity studies for the Early and Middle Triassic from redbeds in western and southwestern North America (Shive, Steiner & Huycke 1984; Molina-Garza et al. 1991; Steiner, Morales & Shoemaker 1993) suggest that relatively reliable records of short-duration polarity intervals have been observed, in turn suggesting that reliable magnetostratigraphic data may be recoverable from non-marine strata. Recent studies, however, have faced problems similar to those of early workers: temporal resolution is poor and biostratigraphic data scarce. Continuous coring of continental rift deposits of the Newark Supergroup in the Newark Basin has provided the most detailed Late Triassic data in non-marine strata (Kent, Witte & Olsen 1995) . Data from the Newark basin can be linked to the Triassic time-scale via radiometric dating and an interpreted astronomically calibrated cyclostratigraphy (Van Houten 1962; Olsen 1986) .
To establish the Late Triassic magnetic polarity sequence as recorded in the Chinle Group and related strata of southwestern North America, we obtained palaeomagnetic and magnetostratigraphic data for non-marine Triassic strata from the southern end of the Sangre de Cristo Mountains and from the Tucumcari Basin of northeastern and eastern New Mexico. Preliminary results of the magnetostratigraphic correlation within the Chinle Group were published in Molina-Garza, Geissman & Lucas (1993) . The recent availability of magnetostratigraphic data from well-dated Upper Triassic marine and non-marine sequences and improved temporal resolution of the biostratigraphy of the Chinle Group (e.g. Lucas 1993) provide an opportunity to establish a Late Triassic magnetic polarity time-scale and to examine the related problem of correlation of the marine and non-marine biochronologies. Palaeomagnetic and magnetostratigraphic data have been previously published for flat-lying Triassic strata in the Tucumcari basin of eastern New Mexico: the Middle Triassic Anton Chico Member of the Moenkopi Formation (Steiner & Lucas 1992) ; and the Upper Triassic Bull Canyon (formerly upper shale member) and Redonda Formations of the Chinle Group (Bazard & Butler 1991; Reeve & Helsley 1972) . The data presented here provide a refined structure and calibration of the North American apparent polar wander path (APWP).
GEOLOGY AND SAMPLING
Triassic non-marine strata are exposed along the eastern Sangre de Cristo uplift in a narrow and discontinuous northsouth trending belt extending from the Colorado-New Mexico line to south of Las Vegas, New Mexico (Fig. 1) . Equivalent strata are widespread in eastern New Mexico (the Tucumcari basin and the drainage of the Pecos and Canadian rivers). These rocks have been assigned, in ascending stratigraphic order, to the Middle Triassic Anton Chico Member of the Moenkopi Formation, and the Upper Triassic Santa Rosa, Garita Creek, Trujillo, Bull Canyon, and Redonda Formations, all of which are included in the Chinle Group (Lucas & Hunt 1987; Lucas & Hunt 1989; Lucas 1993) . Correlation of Upper Triassic strata exposed in the Sangre de Cristo Mountains with Triassic strata exposed in the Tucumcari basin is based on relatively unambiguous lithological characteristics and homotaxis (Lucas, Hunt & Huber 1990 ). The stratigraphic nomenclature of Upper Triassic strata in eastern New Mexico is summarized in Fig. 2 . This figure also shows correlation of these strata with Upper Triassic rocks on the Colorado Plateau, west Texas and central New Mexico (after Lucas 1993) .
The Anton Chico Member of the Moenkopi Formation rests disconformably on Permian strata of the Artesia Group. The Anton Chico Member is dominated by greyish-red, troughcrossbedded litharenites and lithic wackes with lesser amounts of mudstone and siltstone. These strata have been correlated with the Holbrook Member of the Moenkopi Formation in western New Mexico and eastern Arizona, and the early Anisian age is well established by the presence of the index taxon Eocyclotosaurus, a capitosauroid amphibian (Lucas & Morales 1985; Morales 1987 Morales , 1993 . The upper Carnian Santa Rosa Formation overlies a thin package of 'mottled strata', pedogenically altered beds that commonly define the base of the Chinle Group on the Colorado Plateau (Stewart, Poole & Wilson 1972) . The Santa Rosa Formation of the Tucumcari basin includes three members, also recognized in the Sangre de Cristo Mountains. The Tecolotito Member contains mostly yellowish-grey and olive-grey trough-crossbedded quartzarenite and minor amounts of conglomerate. The Tecolotito Member is overlain by variegated mudstone of the Los Esteros Member, which in turn underlies quartzarenites of the Tres Lagunas Member. Mudstone-dominated strata that overlie the Tres Lagunas Member have been assigned to the Garita Creek Formation. Mudstone is typically greyish-red, purple, reddishbrown and bentonitic. The Trujillo Formation disconformably overlies strata of the Garita Creek and is characterized by relatively thick, resistant, greyish-yellow-green, fine-medium grained, well sorted, trough-crossbedded quartzarenites, with minor siltstone and intra-formational conglomerate. The Bull Canyon and Redonda Formations are mudstone dominated. They typically contain thin sandstone sheets within reddishbrown and greyish-red siltstone and mudstone.
Upper Triassic strata in the Sangre de Cristo Mountains lack age-diagnostic fossils, thus age determinations are based on non-marine vertebrate fossils, macrofossil plants and palynostratigraphy of the Chinle Group in eastern New Mexico. The Chinle Group provides the most complete biochronology of the non-marine Upper Triassic (Lucas 1993; .
Pulaeomugnetism and magnetostratigraphy 931 Relatively good temporal resolution is based on a succession of four distinct tetrapod faunas (mostly phytosaurs and aetosaurs) designated 'faunachrons' A to D by Lucas (1993) and named by Fig. 2) . A late Carnian age (Tuvalian) for the base of the Santa Rosa Formation (Otischalkian faunachron) is indicated by the primitive phytosaur Paleorhinus (Hunt & Lucas 1991) . The contact between the Santa Rosa and Garita Creek formations is conformable. The upper members of Santa Rosa Formation and the Garita Creek Formation are also late Carnian. Lucas (1993) assigns these strata to the Adamanian faunachron. They are included in the Dinophyton floral zone of Ash (1980) and correlated with the lower Petrified Forest Formation of the Colorado Plateau. The late Carnian-early Norian age of the Trujillo Formation is based on vertebrate fauna of the Revueltian faunachron (Lucas & Hunt 1989; Lucas 1993) , fossil plants restricted to the Dinophyton zone of Ash (1980) , and palynomorphs belonging to the New Oxford-Lockatong palynozone of the Newark Supergroup (Cornet 1993) . The Bull Canyon Formation (originally upper shale member of the Chinle Formation) conformably overlies the Trujillo beds and is also of Revueltian faunachron age. It contains a rich fossilvertebrate fauna assigned to the early Norian (Lucas 1990; Lucas & Hunt 1989) . Age-equivalent strata in western New Mexico and eastern Arizona include the Painted Desert Member and Correo Sandstone of the Petrified Forest Formation. Dinosaur-rich faunas in the Redonda Formation, as well as more evolutionary advanced phytosaur fossils than those observed in the Bull Canyon Formation, suggest a late Norian-Rhaetian age (Apachean faunachron) for the Redonda Formation (Lucas 1990; . Two intraChinle Group unconformities separate upper Carnian-lower Norian strata, and early-middle Norian-late Norian-Rhaetian strata, respectively (Fig. 2) .
26 palaeomagnetic sites were collected from the Anton Chico Member at localities in Montezuma Gap (35.56"N 105.27 whereas the Garita Creek Formation is horizontal at its type locality. A great majority of the sites were collected from individual sandstone or siltstone beds between a few and tens of centimetres in thickness. Sites at the base of the Trujillo Formation comprise samples collected transversely from as many as three thick (-1 m) adjacent sandstone beds. Mudstone intervals were sparsely sampled because they are not suitable for drilling and are poorly exposed. Schematic stratigraphic sections with palaeomagnetic sites are illustrated in Fig. 3 . The sections overlap and yield a near-complete stratigraphic record of the Triassic in this area. The largest stratigraphic gaps are within the Bull Canyon and Redonda Formations. Samples were drilled as standard 2.5 cm diameter cores and oriented using a clinometer and a magnetic compass; orientations were verified with a sun compass where possible. In the laboratory one or more 2.1 cm long specimens were cut from each sample.
PALAEOMAGNETIC ANALYSIS
The natural remanent magnetization (NRM) of the samples collected at Montezuma Gap was measured on a two-axis ScT cryogenic magnetometer at the University of Michigan; a three-axis 2G Enterprises cryogenic magnetometer at the University of New Mexico was used for the rest of the collection. Samples were subjected to progressive thermal or alternating field (AF) demagnetization. Thermal demagnetization proved more capable in isolating the characteristic remanence, but a few specimens from selected sites were demagnetized using alternating fields. Thermal demagnetization of pilot samples (typically two per site) was carried out in up to 24 steps; abbreviated sequences of six to 12 steps were used in the rest of the samples. The vectorial composition of the NRM was interpreted from inspection of orthogonal demagnetization diagrams (Zijderveld 1967) . Directions of magnetization components were calculated using principal component analysis (PCA) methods (Kirschvink 1980) . Samples are characterized by moderate magnetic moments per unit volume, of the order of to lo-' A m-'. Typical demagnetization diagrams are depicted in Figs 4 to 6. In most samples a south-southeast-or north-northwest-directed shallow magnetization is isolated at temperatures above 600 "C. This magnetization is interpreted as the characteristic magnetization (ChRM). A north-directed and moderately steep positive magnetization commonly overprints the ChRM. Results obtained from each formation are discussed in detail below.
Anton Chico Member
Most Anton Chico sites were collected in very fine-grained, light reddish-brown or purplish-brown, silty sandstone. Their behaviour upon thermal demagnetization is relatively straightforward. A great majority of the samples exhibit one or two components of magnetization (Figs 4a and b) characterized by a relatively ill-defined magnetization component (MAD angles of about 10-15') with high coercivities (> 100 mT) and unblocking temperatures between 500 and 650 ''C; This component has (tilt corrected) steep negative inclination and southeast-directed declination (Fig. 4c) . The high resistance to AF demagnetization ( Fig. 4d) indicates that the ChRM and the steep negative south-directed overprint are carried by haematite. IRM (isothermal remanent magnetization) acquisition and demagnetization indicate that contributions from a low coercivity phase to the magnetic mineralogy of Anton Chico sandstones are minor, with about 80 per cent of the saturation IRM (using a 3 T induction) remaining after AF demagnetization to 120 mT (Fig. 7a ).
Santa Rosa Formation
Typical demagnetization diagrams for specimens of the Santa Rosa Formation are depicted in Fig 
Garita Creek Formation
Sites in the Garita Creek Formation were collected from finegrained reddish-brown siltstone and sandstone. These samples exhibit two general behaviours. Well-behaved sites are characterized by a north-directed and shallow magnetization (south directed and shallow at one site) unblocked between about 400 and 680°C (Figs 5a and b). This magnetization is considered the characteristic magnetization and is partially overprinted by a small north-directed and steep positive magnetization that is removed below about 200 "C. The low unblocking temperature component is well defined in sites of the second group, which includes samples of medium-grained to conglomeratic sandstones consisting of pebble-size clasts of siltstone and mudstone. In sites 6, 8, 9 and 12 the ChRM cannot be estimated with sufficient confidence (Fig. 5c ), because most of the NRM remains after heating to 400°C but the magnetization does not decay linearly to the origin (typical MAD values for directions calculated by PCA are greater that about 15"). Sites with this kind of behaviour were thus excluded from pole calculations. The polarity at these sites, however, is unambiguous and is also supported by the data from immediately adjacent beds. IRM acquisition and demagnetization suggest that contributions from a cubic phase to the IRM are small, no more than 25 per cent of the IRM is induced with 0.3 T and the IRM is highly resistant to A F demagnetization (Fig. 7b ).
Trujillo Formation
The lower 10m of the Trujillo Formation (sites trul to tru3 and tru25 to tru26) are mostly characterized by thick, typically non-haematitic, coarse-to medium-grained sandstone beds that generally do not respond to AF or thermal demagnetiz- ation. Some samples are characterized by a low-unblockingtemperature component in the direction of the recent dipole field (Fig. 5d) ; demagnetization trajectories of those samples typically bypass the origin, indicating the presence of more than one component. Demagnetization trajectories hint at the fact that the higher-unblocking-temperature magnetization remaining during progressive demagnetization is south to southeast directed and thus that the samples are reversely magnetized. The polarity was not solely interpreted from demagnetization trajectories, as some specimens in this interval yield southeast magnetizations (with large MAD values but unambiguous polarity; Fig. 5e ). Demagnetization trajectories of some specimens from sites tru25 and tru2 indicate characteristic magnetizations of (questionable) normal polarity. Other sites higher in the section provide excellent estimates of the ChRM of this unit, with well-defined, high-unblockingtemperature and shallow magnetizations that decay to the origin between 500 and 680 "C (Figs 5g and h). Typically, this is overprinted by a steep magnetization removed with AF ( Fig. 5f) . The large contribution of a cubic phase to the magnetic mineralogy of the Trujillo Formation is evident from IRM experiments (Fig. 7c ). This observation, combined with the relatively low coercivities observed (Fig. 5g) , suggests that prominent north-directed steep positive overprint at sites trulO and bcll is carried by magnetite or maghemite.
Redonda Formation
Samples from the Redonda Formation yield generally straightforward demagnetization results, although the remanence is generally multi-vectorial. The ChRM is in all cases north directed and shallow, unblocking between about 500 and 690 "C (Figs 6a and b). Two distinct magnetization components that are different from the recent dipole field are superimposed on the ChRM, and are only revealed during thermal demagnetization. Some specimens from sites redl3 and redl5 near the base of the formation are characterized by an ill-defined and small magnetization component, generally removed between 200 and 400 "C ( Fig. 6a) , which has south-southwestdirected declinations and shallow inclinations. It is unclear whether this magnetization reflects recording of a reverse polarity field soon after the high-unblocking-temperature magnetization was locked in, or whether it reflects partial overprinting at a much later time. 
ROCK M A G N E T I S M A N D IDENTIFICATION O F M A G N E T I C CARRIERS
Rock magnetic data and petrographic observations include IRM acquisition and demagnetization experiments (Fig. 7) , hysteresis loops for selected specimens (Fig. S) , as well as observations under the petrographic microscope. Haematite is the dominant magnetic carrier of the characteristic magnetization, except for beds in the lower parts of the Trujillo Formation, which are dominated by magnetite (or maghemite). The contribution from magnetite (or maghemite) to the natural and high-field remanence, estimated by the relative intensity of the magnetization removed with alternating fields, is variable. Magnetite (or maghemite) is the likely carrier of the lowtemperature and low-coercivity magnetization parallel to the recent field direction, because this magnetization is generally soft. All of the IRM acquisition curves illustrated in Fig. 7 were obtained from medium-to fine-grained sandstones, with the exception of sample gc9b, which is a pebble conglomerate with clasts of siltstone and fine-grained sandstone. In the two fluvialchannel sandstone-dominated formations (Santa Rosa and Trujillo Formations) there is greater colouration, grain-size and compositional variation. IRM acquisition curves of the HcrEIc Santa Rosa and Trujillo samples are haematite dominated, magnetite dominated, or haematite-magnetite mixtures. In contrast, samples of the Anton Chico, Garita Creek and Redonda Formations (which are mudstone dominated) are relatively homogenous, and are dominated by haematite.
The shapes of normalized intensity decay plots during thermal demagnetization in haematite-dominated clastic rocks (redbeds) have generally been interpreted to reflect the relative contributions of coarse-grained specular haematite and finegrained pigmentary haematite (Collinson 1974) . If most contributions from soft magnetic phases are isolated (by normalizing the curves by the intensity after the 200°C step), behaviour varies, but a majority of the samples are characterized by relatively narrow ranges of unblocking temperatures above 600 "C (Fig. 8a) . This suggests that specular haematite is the most important form of haematite contributing to ChRM. Distributed unblocking temperatures in samples of the Redonda Formation suggest that relatively equal contributions from coarse specular and fine-grained haematite are more typical of these rocks.
Hysteresis loops on selected specimens from all formations exhibit high coercivities (-100 mT) and 'wasp-waisted' geometries (Fig. 8b) high Mrs/Ms values of about 0.3 (Fig. 8c) 1990 ) because critical angles are greater than 10". For sites collected in the Anton Chico Formation, the estimated precision parameter, k, of the in situ distribution of site means is larger ( k = 65.1) than for the tilt corrected distribution ( k = 45.1). The decrease is not statistically significant; this result, rather than indicating a negative fold test, suggests that magnetization components may not be completely isolated or that the tilt correction does not incorporate the complete 'fold' geometry. The Anton Chico sites at La Cueva are of uniform reverse polarity and give shallow positive inclinations (average = 3.5"), whereas at Montezuma Gap magnetizations are of dual polarity but the mean inclination is shallow negative (average= -9.2"). It is thus possible that directions at La Cueva are contaminated by a small secondary component of positive inclination. This would explain the decrease of the precision parameter, although we notice that demagnetization diagrams of Anton Chico samples show nearly linear trajectories to the origin above 630°C (Fig. 4a) . For late Carnian and early Norian sites the precision parameter remains basically unchanged after tilt correction. Palaeomagnetic poles were calculated from site virtual geomagnetic poles (VGPs) for the Middle Triassic, late Carnianearly Norian, and late Norian. Sites with poorly defined means (k< 15; n<3; and a95>20") were excluded. A total of 11 sites were excluded from mean pole calculations using this criterion. Sitesmgl, sr15 and trul did not give usable results; sites gd3-04 and tru27-28 were collected from the same layers and were combined in the final calculations.
The approximately east-west-trending arc of about 25" length. Each of the VGP distributions is typically elliptical and elongate along the trend of the APWP (Fig. 10, Table 2 ). To assess the uncertainties introduced by the tectonic correction, data from steeply dipping strata were compared with results from similar age but gently dipping or flat-lying strata. If the tilt axis is not horizontal, a systematic bias will affect the palaeomagnetic declinations. For the geometry of the tilt axis and directions of magnetization at Montezuma Gap and San Sebastian Canyon, a tilt axis inclined by about 5" will affect the declination by about the same amount. A comparison of palaeomagnetic directions from steeply dipping strata and horizontal or gently dipping strata (below) suggests that a small, though appreciable, apparent tectonic rotation of less than 5" in an anticlockwise sense may affect declinations. The small number of samples collected from Upper Permian strata do not allow for a tectonic interpret- ation, although we note that the declination of the mean direction (dec= 140.3", inc= -13") is to the east of the expected value (dec = 152", using the Late Permian cratonic reference pole of Van der Voo 1990) and results in a significant declination anomaly (12.2" 8"). The Middle Triassic palaeomagnetic pole at Montezuma Gap (acl) is statistically indistinguishable from a recently published Mid-Triassic pole from flat-lying Anton Chico strata near Clines Corner, about 60 km south of Las Vegas (acO, Table 2 , at 43.9"N 120.8"E Steiner & Lucas 1992). Pole acO, however, barely satisfies modern reliability criteria because it was derived from the mean of only 22 samples, all of normal polarity. Pole acl falls east of pole ac2 obtained from gently dipping strata at La Cueva (45.8"N 111.8"E). The difference between ac2 and acl declinations is 2.8" (k7.8"). Pole acl also falls east of the mean Middle-Early Triassic cratonic reference pole (46.7"N 113.8"E) calculated combining pole acO with five older poles obtained from the Lower Triassic Chugwater Formation and related strata in Wyoming cited in Van der Voo (1990) . The observed acl declination is 2.3" (i-8") less than expected from the cratonic reference pole. The difference is not statistically significant at the 95 per cent level of confidence.
The late Carnian-early Norian pole of steeply dipping strata (sr-tr) includes sites collected in the Santa Rosa ( S ) , Garita Creek (2), Trujillo (8), and Bull Canyon (1) Formations. The mean declination for the (younger) Trujillo and Bull Canyon Formations is about 8" east of the mean of the Santa Rosa and Garita Creek Formations. That is opposite to the general trend of the APWP. It is difficult to assess the significance of this observation, because the means have relatively large uncertainties (~9 5 > loo). The means are not statistically different (at the 95 per cent confidence level) and both data sets were combined for the next level of analysis: a comparison between the mean direction of steeply dipping strata (sr-tr) and horizontal strata (gc: Garita Creek locality). This comparison results in a declination anomaly of lo"(* 6"). Using another cratonic pole (the Dockum Group in west Texas, at 56"N 96"E Molina-Garza, Geissman & Van der Voo 1995), the discrepancy is still large and statistically significant (5.3" k4.2"). Table 2 .
Finally, for the Redonda Formation, comparison with the expected direction using the pole rdO recalculated by Bazard & Butler (1991) from data in Reeve & Helsley (1972) and obtained from flat-lying Redonda Formation strata in the Tucumcari basin gives a declination anomaly of 2.2"(+ 6"). The difference is again small and not statistically significant. In summary, all four means have small declination anomalies, all of which are in the same anticlockwise sense. The anomalies are only significant for the Late Permian mean and the late Carnian-early Norian mean.
Because of the general consistency of the declination anomalies, it is possible that a small, yet appreciable, bias exists in the data from sections at Montezuma Gap and San Sebastian Canyon. The apparent tectonic rotation is no more than about 4", the average of the declination anomalies observed between the Triassic poles compared. This apparent rotation is equivalent to a tilt axis plunging gently to the south. This is consistent with the abrupt termination of the mountain range south of Las Vegas. Incorporating a correction for the gentle plunge of the tilt axis and combining all Anton Chico sites, we obtained a mean Anisian pole (ac, -240 Ma) at 46.7"N 113.4"E (N = 21 sites) that is in excellent agreement with the reference APWP, and supersedes pole acO of Steiner & Lucas (1992) . Similarly, a late Carnian-early Norian pole (sr-gc-tr, -225 Ma) falls at 54.3"N 92.6"E (N = 28 sites), the late Norian-Rhaetian (-208 Ma) Redonda Formation gives a pole at 58.3"N 68.9"E (N = 8 sites). The Redonda pole is based on a smaller number of sites and at all sites ChRMs are of normal polarity. Based, however, on its similarity to a previous pole determination for this unit and the quality of the demagnetization data, there is little doubt of the reliability of this result.
The Triassic segment of the North American APWP is the subject of recent controversy (Bazard & Butler 1991; MolinaGarza et al. 1991; Kent & Witte 1993; Molina-Garza et al. 1995) . We believe that the above analysis of our new data shows that, despite the large amplitude of the tectonic correction and the location of the sites within the Laramide deformation belt, objections to the use of palaeomagnetic poles from the Sangre de Cristo uplift to further define the cratonic APWP are unfounded. Three Triassic palaeomagnetic poles from this study are in good agreement and define a consistent age progression from Middle to latest Late Triassic. They further support previously published results from western and southwestern North America and suggest a relatively large magnitude (-25" of arc) and a relatively rapid rate of APW.
A refined Early Mesozoic APWP for stable North America (Fig. lob) includes our new results. Poles averaged include results from the Colorado plateau, which have been corrected by rotating the poles 4" about a pole at 36"N 105"W. Our new results for the Anton Chico Member suggest that rotation of the plateau is smaller than previously inferred by comparison of Early-Middle Triassic poles (Steiner 1986) . The angular distance between the Anton Chico pole of this study and Moenkopi poles on the plateau is 11.9OIfI4.8" (95 per (1990) . Poles (Table 2) were selected from compilations by Van der Voo (1990) , and include poles of Q factor greater than or equal to four. We excluded poles superseded by more recent investigations, such as the Church Rock pole of Reeve (1975) the sections studied in Colorado and Arizona (Fig. 11) The Late Triassic magnetic polarity sequence is based on the work of Gallet et al. (1992 Gallet et al. ( , 1993 Gallet et al. ( , 1994 and Kent et al. ( 1995) . Notice, however, that different chronologies are involved in those studies. Gallet et al. calibrated Tethyan pelagic sequences using the assumption of equal-biozone duration, whereas Kent et al. calibrated the Newark lacustrine sequence with an interpreted astronomical cyclicity and placed the Triassic-Jurassic boundary at 202 Ma. The presence of several hiatuses in the Chinle section and the facts that Chinle group sections are typically thin and are dominated by mudstones make it obviously difficult to make independent correlations with either the Newark or the Tethyan sequences. Magnetostratigraphic correlation in the Chinle Group and related strata (Fig. 12) Gallet et al. (1994) Western New Mexico (Zuni uplift) Molina-Garza et al. (1993) Figure 12. Proposed correlation of the magnetic polarity sequence of the Chinle Group with that obtained from Late Triassic marine strata (Gallet et al. 1993 (Gallet et al. , 1994 ) and non-marine strata of the Newark rift basin (Kent et al. 1995 Member of the Santa Rosa Formation) are lower Tuvalian (lower upper Carnian). The time represented by strata of Otischalkian faunachron (early Tuvalian) is difficult to assess. These strata are generally thin and apparently of predominantly normal polarity. Pelagic sections sampled by Gallet et aI. (1992, 1993, 1994) do not contain early Tuvalian data, and temporal resolution in age-equivalent strata in the Newark basin (Stockton Formation) is relatively poor (Kent et al. 1995) . Nonetheless, biostratigraphic data (Huber, Lucas & Hunt 1993) suggest that the lower strata of the Chinle Formation correlate in part with the Stockton Formation of the Newark Supergroup. The lower beds of the Santa Rosa Formation are Paleorhinus bearing strata of the Otischalkian faunachron (Lucas 1993; . Puleorhinus occurs in the lower Tuvalian Opponitzcher Schichten strata of the Austrian Alps (Hunt & Lucas 1991 ) and the Pekin Formation of the Chatham Group in North Carolina (Huber et al. 1993) . In Fig. 12 we suggest that predominantly normal polarity intervals at the base of the Stockton and Chinle sections are correlative, at least in part.
Comparison of the Chinle composite with the Tethyan polarity sequence suggests that very short polarity intervals of duration of about lo4 yr near the Carnian-Norian boundary and in the lower Norian (Lacian 1) are not recorded by Chinle strata (Fig. 12) . These short events were also not observed in the Carnian-Norian Newark record (the b + , c-and d + zones of Kent et al. 1995) . The reliability of short intervals in the pelagic sequence is questionable because some are defined by a single sample. The Chinle sequence, however, reproduces some of the main features of the Late Triassic marine and non-marine records. We correlate long reversed polarity intervals in the Bluewater Creek Formation, Lower San Pedro Arroyo Formation, and Tres Lagunas Member of the Santa Rosa Formation (intervals b and d; Fig. 3 ) with the dominantly reversed intervals in the Lockatong Formation and the late Tuvalian pelagic record.
The comparison of polarity sequences suggests that most of the middle Norian (the Alaunian of the pelagic sequence, and middle Norian zones f + to h + in the Newark sequence) is not represented by Chinle strata in eastern New Mexico. The presence of a profound hiatus had been previously inferred based on the more advanced characteristics of phytosaurs in the Redonda Formation and more abundant dinosaur fossils. Lucas (1991 Lucas ( , 1993 suggested the base of the Redonda Formation is an unconformity (Tr-5 unconformity) of basinwide extent in the Chinle Group depositional basin. Hunt (1991) first suggested, followed by Lucas (1993) and , that vertebrate fossils from the Redonda Formation indicate a possible Rhaetian age.
Our sampling in the Bull Canyon and Redonda Formation is much less detailed than that of Reeve & Helsley (1972) . The magnetostratigraphy is consistent with the polarity sequence of Reeve & Helsley (1972) . The lowermost beds and the uppermost beds of the Redonda at Luciana Mesa and Redonda Mesa in eastern New Mexico are of normal polarity. The lack of exposure did not allow us to sample a 25 m interval of the Redonda at San Sebastian Canyon. Unfortunately, from the section published by those authors, it is unclear whether or not a complete Bull Canyon (upper shale) sequence was collected. Thus, the normal polarity observed at the top of the Trujillo Formation and in one site in the Bull Canyon Formation in the San Sebastian section (our interval k; Figs 3 and 12) may or may not be the 'lowermost normal interval' of Reeve & Helsley (1972, p. 3797) . Based on the general thickness of the Bull Canyon Formation we believe that a complete Bull Canyon section was not sampled by those authors and that the lowermost reverse interval of Reeve & Helsley (1972) overlies our interval k. We thus correlate most of the Bull Canyon's 'long reverse interval' with the upper Lacian (Lacian 3, KTB-) reversed interval in the pelagic sequence and the reversed interval containing the Perkaise Member of the Passaic Formation (e -). This is consistent with sequence stratigraphic correlation in western North America, which indicates that the Painted Desert Member of the Petrified Forest Formation (Bull Canyon equivalent) includes the late early Norian Mugnus ammonite zone (Lucas 1991) . The proposed correlation of the Redonda Formation with the late Sevatian pelagic sequence (Fig. 12 ) is rather tenuous. The possible Rhaetian age for the Redonda Formation (Hunt 1991) makes it permissible for these strata to be correlated with a younger part of the sequence, such as the upper k-zone of the Newark basin.
Data presented here are the first attempt to obtain a complete magnetostratigraphy for the Chinle Group; for that reason we regard our proposed correlations as preliminary. The reliability of the record needs to be further examined by testing its reproducibility, and more detailed sampling of mudstone-dominated sequences may improve its resolution. Greater resolution may be obtained by sampling additional sections on the Colorado plateau, which have received relatively little attention.
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